Abstract: FACTS devices plays a significant role to control the power flow of power transmission system. In this paper, a hybrid PSO algorithm is proposed to optimize the location of UPFC in power system. The proposed hybrid PSO algorithm has solved the formulated multiobjective optimization problem. This paper, five objective function to be considered in the form of minimization such as the fast voltage stability index (FVSI), fuel cost, power loss, voltage deviation and UPFC cost respectively. To improve the non satisfied solution of PSO algorithm, bat search optimization is used and the performance of PSO algorithm is enhanced. The proposed hybrid technique is implemented in MATLAB working platform which is tested with IEEE 14 bus bench mark system. Here, two load cases are considered to evaluate the proposed method and compared with traditional PSO algorithm. The comparative analysis are conformed the effectiveness hybrid PSO algorithm for solving multiobjective optimal power flow problem.
Introduction
Current electric power system network experiences astonishing fast changes in terms of demand generation arrays and trading actions that hold back the system operation and security [1] . For the operation of power system, control of active and reactive power flow is very significant [2] . The variables and parameter of the transmission line, which comprise line reactance, voltage magnitude, and phase angle are capable to be controlled by means of FACTS controllers in a rapid and successful way [3] [4] [5] . The advantages obtained from FACTS consist of improvement of the stability of power system networks, such as voltage stability, line stability, small signal stability, transient stability, and hence improve system dependability [6] [7] . The Unified Power Flow Controller (UPFC) is one of the most luminous of FACTS controllers which is capable of offering active and reactive power control separately [8] [9] [10] . UPFC offers improved voltage control as compared to Static Var Compensator (SVC) and Static Synchronous compensator (STATCOM) [11] .
UPFC have gone up amongst researchers in power systems as it presents important multifunctional flexibility necessary to work out different problems in power system and can control voltage magnitude, phase angle and impedance at the same time [12] [13] . The UPFC, the most adaptable of these tools, joins shunt current injection with series voltage injection to make it competent of simultaneously controlling active and reactive power flows in a transmission line, and offer series and shunt compensation as required [14] . As different UPFC placements can cause important variations in the transient behaviour of the system, placements must be selected with care [15] . On the other hand, with the suitable parameter setting, it is extremely significant to find out the optimal location of this tool in the power system to attain such functionality of UPFC [16] .
An optimal UPFC placement must integrate not only each feasible system topology (line worked out by means of three evolutionary algorithms namely Genetic Algorithm (GA), Bacterial Foraging Algorithm (BFA) and suggested Enhanced Bacterial Foraging Algorithm (EBFA). The algorithms were experimented for IEEE 30 bus system under dissimilar loading conditions. The effectiveness of the algorithm was assessed based on computation time, convergence features and precision of the solution. From the relative results, it was found that the suggested algorithm is vigorous and appropriate for sizing and location of FACTS tools. The suggested algorithm could be broadened for higher bus system. Ghahremani, E et al. [27] have offered a graphical user interface (GUI) based on a genetic algorithm (GA) which was demonstrated able to find the optimal locations and sizing parameters of multi-type FACTS tools in large power systems. This user-friendly device, called the FACTS Placement Toolbox, permits the user to select a power system network, find out the GA settings and choose the number and kinds of FACTS tools to be assigned in the network. The GA-based optimization process was applied to attain optimal locations and ratings of the chosen FACTS to maximize the system static load ability. Five dissimilar FACTS tools were executed: SVC, TCSC, TCVR, TCPST and UPFC.
The above reassess illustrates that, one of the multi objective optimization problems which covenant by the exploitation of FACTS tools in power networks is competent of managing opposing intentions in different operational modes. Therefore, to optimize the distribution of these tools, different optimization algorithms are applied in power systems. These methods are classified into the following classes such as analytical, numerical programming, heuristic, and artificial intelligence based methods. Mainly, the heuristic based methods have been commonly applying for working out the optimal placement examination problem.
Different techniques and approaches to finding out the optimal location of FACTS in the power system have been statement, and different methods, such as the genetic algorithm (GA), simulated annealing (SA), artificial immune system (AIS), and particle swarm optimization (PSO), have been employed. The results of these algorithms are applied to find out the location, types, and sizes of tools, with their settings at dissimilar operating conditions. Alternatively, the precision of solution may change due to the reason of multimodality search of the objective function. As a result, the hybrid approach is explored to develop the optimization performance in multiobjective optimization problems. In this document, a hybrid approaches to optimize the location of UPFC in power system. Hybrid approach is the mixture of PSO and bat search optimization algorithm which employed to develop the multiobjective problem working out performance of PSO algorithm. The main function formulation is specified in section 3. In section 4, suggested hybrid PSO algorithm is made clear. Section 5, the effects and discussion are offered and section 6 finishes the document.
Formulation of Objective function
In this paper multi objective function is used to control the power flow of UPFC using hybrid approach. The objective function is formulated by minimization of the fast voltage stability index (FVSI), fuel cost, power loss, voltage deviation and UPFC cost respectively. The formulation of each objective function depends on the real and reactive powers of the system, voltage magnitude and angle, line conductance and installation cost of UPFC. The mathematical model of objective function are described as follow, 
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In equations (2) Then, the objective function depending equality and inequality constraints are expressed as follow, The operational constraints are used to control the system variables such as active and reactive power flows and bus voltages respectively. The constraints are the power balance condition, apparent power flow, bus voltage limits, active and reactive power limits, phase angle, line flow limits, and the UPFC control parameters. These constrains are described as following them, Power flow balance equations: It is used to balance the active and reactive power flow of each node. The power balance model is derived by the generators, load and transmission loss of the systems. The balance model is described as follow,
Where, 
These are the equality and inequality constraints used for optimal location of UPFC for optimal power flow. The UPFC is optimally located by hybrid PSO technique. The detailed description of hybrid PSO technique is explained as follows:
Hybrid PSO for Optimal Location of UPFC
In this paper, the introduced multi objective function is solved by hybrid PSO technique. Using this hybrid technique the optimal location of UPFC is determined. In PSO algorithm, PSO is one of the swarm intelligence algorithms which are used for solving the optimization problems [28] . The searching of PSO algorithm depends on populations and the population is referred as particles. The particles are defined in the search space which flies in the search spaces with different velocity. Each particle velocity are updated randomly which depends on its individual flying experience and other particles flying experience. According to the position of the particles, the best fitness solution is determined. The personal best solution is known as pbest and the global best solution is called as gbest.
When the velocity is distributed randomly, the solution is uncertainty. For that reason, the solution may deviate from the objective function and the best solution is affected. Hence, it is needed to confirm the new updated candidate solution. In this paper, a bat search algorithm is hybridized with PSO algorithm to conform the new particle i.e. solution. Therefore, the new update particle is selected by bat search algorithm. Here, the multiobjective problem is solved by the proposed hybrid approach. The detailed description of the proposed approach for optimal location of UPFC is described as follows:
Steps of Hybrid PSO Algorithm Initialization
The first step of hybrid PSO algorithm is initialization. In this step, N numbers of particles are initialized. Here, the parameters of the multi objective function are considered as particles and each particles have their own initial velocity. Also, the solution searching dimension is specified. F respectively.
Fitness Evaluation
Calculate the fitness function of the selected objective functions with the initial position, the velocity and weights. Set the best particle from the initially evaluated solution. 
Velocity Updating
In this stage, the velocities of the particles are updated as per the values of pbest, and gbest.
The th n particle velocity is updated in the th i dimension, which is given as follows:
Where is the global best position th n dimension. Suppose, the particle violates the velocity limits, then, set its velocity equal to the limit.
Position Updating
Depending on the updated velocities of each particle changes its position according to the following expression,
If a particle violates its position limits in any dimension, then set its position at the proper limit.
Personal and Global Best Updating
Each particle position is updated according to the position. 
Bat Inspired Search Algorithm
The bat search algorithm is derived from the echolocation characteristics of microbats [29] . It is followed on idealized rules to improve the solution. In the paper, bat algorithm is used to generate the best solution from the non satisfied solution of PSO algorithm. Therefore, the 
Moment of Virtual Bat
The initial position of 
where, ) 1 , 0 ( rand is the uniformly distributed random number between 0 and 1.During local search, once a solution is obtained from the midst of the present best solutions, then generate local solution for every bat by means of random walk which is described as follow,
Where, ) 1 (
is the random number uniformly generated between -1 and 1. ) (t A i is the average number loudness of all bats at step time t .
Loudness and pulse emission
In addition, the loudness ) (t A i and the rate ) (t r i of pulse emission have to be rationalized consequently at every iteration progressed. Generally, the loudness reduces once a bat has originated its victim, at the same time the rate of pulse emission is amplified; the loudness can be selected as some value of expediency. The expression of loudness and pulse emission are given as follows:
where,  and  are the constants. For simplicity, the same value of  and  can be selected.
At the end of each update, the fitness values are evaluated. If the fitness values are satisfied, select the best value, otherwise iterate the solution with new set of non satisfied solution of PSO algorithm. The flow chart of hybrid PSO is illustrated as follows: Figure 1 . Flow chart of proposed hybrid PSO algorithm.
Results and Discussion
The proposed hybrid PSO algorithm was implemented in MATLAB working platform and the performance evaluated. The proposed algorithm tested by IEEE 14 bus bench mark transmission system by locating UPFC. The line data and the bus data are used from the reference [30] . The single line diagram of IEEE 14 is illustrated in figure 2 . The performance of proposed method is examined by two cases. Then, the power loss, fuel cost, UPFC cost, and voltage stability are analyzed. The result of proposed hybrid PSO method is compared with traditional PSO algorithm. The testing system consists of two generators buses 1, 2 and three synchronous condensers 3, 6, and 8 respectively. In the generators, the minimum power generation limit is 20 MW and the maximum power generation limits is 270 MW. The active power of generation limits of generators and the fuel cost coefficients of IEEE 14 bus system is referred from [23] which are tabulated in Table I . Case I: New Loading In One Load Bus In case I, different loading condition is applied in a particular load buses and the power flow is evaluated. Under this loading condition, three load buses are selected for testing as 13, 6 and 14 respectively. In the selected load buses, the load values are changed arbitrary from the actual load values. Consequently, the power flow of the system is varied; the voltage stability and power loss are affected. Using the proposed hybrid technique, the system parameters are maintained to stable level. Initially, the system parameters are assigned to the multi-objective function which is mentioned in equation (1). Then, the optimal location of UPFC is determined and the power flow of the system is evaluated.
For the considered case, the optimal location and capacity of UPFC, the system demand and the generator values are given in table II. In table II, the optimal location of UPFC is varied by PSO and hybrid PSO algorithm. Then, the UPFC cost and the fuel cost are compared in tabulation which are given in table III with load changing at buses 13, 6, and 14. The total cost ($/hr) of the system depends on the total generation. The optimal power generation is obtained by hybrid PSO algorithm. Therefore, the fuel cost of the system is reduced. The UPFC cost, the fuel cost and the total cost of the system is given in table III for case I. In addition, the case I power loss is presented in table IV and the performance of voltage stability and fuel cost are given in figure 3 when new loading is done in one bus.
The power loss comparison shows that, the proposed method gives as the minimum power loss 7.0311 MW. It is less when compared to the power loss obtained from PSO algorithm as 9.0966 MW. In figure 3 , the voltage stability is compared with base case, after load change, PSO, and hybrid algorithm. The case I fuel cost iteration curve shows that the hybrid PSO algorithm converge to solution is better than PSO algorithm. (a) (b) Figure 3 . Performance of (a) voltage stability and (b) fuel cost when new loading in one bus.
Case II: New Loading In Two Load Bus
When considering case II, various loading condition is applied in two load buses and the power flow is evaluated. In this loading condition, three load buses are selected for testing as 13&8 and 5&12 respectively. In the selected load buses, the load values are changed randomly from the actual load values. Therefore, the power flow of the system is changed; the voltage stability and power loss are affected. Subsequently, the optimal location of UPFC is determined and the power flow of the system is calculated and the system parameters are continued to stable level. In this case, the optimal location of UPFC, the system demand and the generator active powers are given in table 2. From that, the optimal location of UPFC is varied by PSO and hybrid PSO algorithm.
Then, the UPFC cost and the fuel cost are compared in tabulation, which are given in table III with load changing at buses 13&8 and 5&12. The total cost ($/hr) of the system is depends on the total generation cost ($/hr) and the UPFC cost ($/KVAR). From the table, the optimal power generation is obtained by hybrid PSO algorithm which gives less cost. For case II, the UPFC cost, the fuel cost and the total cost of the system is given in table III. Moreover, the case II power loss is presented in table IV and the performance of voltage stability and fuel cost are given in figure 4 at the time of new loading in one bus. The power loss comparison shows that, the hybrid method gives the minimum power loss 7.0454 MW. It is less when compared to the power loss obtained from PSO algorithm as 9.5146 MW. For case II, the voltage stability is compared with base case, after load change, PSO, and hybrid algorithm which are given in figure 4 . The comparative analyses shows that, the proposed method solved the multi-objective optimal power flow problem effectively.
(a) (b) Figure 4 . Performance of (a) voltage stability and (b) fuel cost when new loading in two buses.
Conclusion
In this paper, the hybrid approach was proposed for solving multiobjective problem in power transmission system. FACTS devices plays a significant role to control the power flow of power transmission system. A hybrid PSO algorithm is proposed here is to optimize the location of UPFC in power system. The proposed hybrid PSO algorithm has solved the formulated multiobjective optimization problem. In this paper, five objective function to be considered in the form of minimization such as the fast voltage stability index (FVSI), fuel cost, power loss, voltage deviation and UPFC cost respectively. To improve the non satisfied solution of PSO algorithm, bat search optimization is used and the performance of PSO algorithm is enhanced. The proposed hybrid technique is implemented in MATLAB working platform which is tested with IEEE 14 bus bench mark system. Here, two loading cases are considered to evaluate the proposed method and the total system cost, power loss, voltage are compared with traditional PSO algorithm. The comparative analysis conformed the effectiveness hybrid PSO algorithm for solving multiobjective optimization.
